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Few studies have examined the extent to which phenotypic plasticity in a given trait
might be influenced by behavioural responses to an environmental cue. Regulatory
behaviour might eliminate environmental variation such that little selection for
physiological change would take place. Here, to test this Bogert effect on acclimation,
we use two life-stages of a kelp fly that inhabit the same habitat, but differ profoundly in
their behaviour. We predicted that when denied opportunities for behavioural regulation,
mobile, though brachypterous adults would show a performance advantage in most
thermal environments following acclimation to their preferred temperature(s). By
contrast, in the less mobile larvae, that have a broader thermal preference, beneficial
acclimation would be more evident. Ordered factor ANOVA with orthogonal polynomial
contrasts revealed that adults recovered faster from chill coma following any one of six
short-term temperature treatments if they had been acclimated at low temperature, whilst
larvae showed beneficial acclimation.
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I N T R O D U C T I O N
Physiologists have long maintained that phenotypic plastic-
ity is adaptive. In advance of or in response to a change in
the environment, organisms are able to alter aspects of their
physiology such that they will be better able to survive that
change. Evidence for such adaptive phenotypic plasticity has
typically come from seasonal responses to cold, heat or
water stress (Prosser 1986; Chown & Nicolson 2004). More
recently, the extent to which phenotypic plasticity following
short-term acclimation can be considered beneficial has
been questioned. Several empirical studies have demon-
strated that exposure to a given environment does not
necessarily provide an organism with a performance
advantage in that environment relative to those organisms
that have not experienced it (e.g. Leroi et al. 1994; Gilchrist
& Huey 2001; Stillwell & Fox 2005; Deere & Chown 2006).
In consequence, it has been suggested that beneficial
acclimation is uncommon, and that explicit tests for
alternative responses, such as optimal temperatures or
deleterious acclimation, should always be undertaken (Huey
& Berrigan 1996; Huey et al. 1999; Wilson & Franklin 2002).
These proposals have refocused attention on those
circumstances under which adaptive phenotypic plasticity
might be likely (Ghalambor et al. 2007), and when acclima-
tion might be beneficial (Chown & Terblanche 2007;
Loeschcke & Hoffmann 2007). Accordingly, selection
should favour plasticity when environmental variability is
high, environments produce reliable cues to which organ-
isms are capable of responding, different phenotypes are
favoured in different environments, the costs of plasticity
are low, and dispersal among populations is high. Consid-
erable attention is now being given to many of these
questions (e.g. Zeilstra & Fischer 2005; Rako & Hoffmann
2006; Ghalambor et al. 2007; Kristensen et al. 2007; Van
Kleunen & Fischer 2007). However, empirical explorations
of the effects of cue reliability, i.e. both the variability of the
environmental parameter of significance and the predict-
ability of that variation, are less common. Although
attention has been given periodically to the significance of
environmental predictability and the way in which it should
be measured (Levins 1968; Kingsolver & Huey 1998), and
theoretical approaches continue to investigate its signifi-
cance, empirical characterizations of the form of environ-
mental variation and the direction of, and extent to which it
elicits, phenotypic plasticity remain scarce (see Chown &
Terblanche 2007 for review). Moreover, even fewer
investigations have considered the extent to which
behavioural responses to a given cue might influence the
likelihood of the evolution of other phenotypic responses.
Behaviour has long been considered a driver of evolu-
tionary change, such that changes in behaviour expose an
Ecology Letters, (2008) 11: 1027–1036 doi: 10.1111/j.1461-0248.2008.01213.x
 2008 Blackwell Publishing Ltd/CNRS. Centre for Invasion Biology
organism to novel environments, which in turn exert
selection for changes in other traits. However, behaviour
might also inhibit evolutionary change by buffering the
effects of the environment (Hertz & Huey 1981; Parsons
1998; Huey et al. 2003). It was Bogert (1949) who first
argued that regulatory behaviour might eliminate environ-
mental variation to such an extent that little selection for
physiological change would take place. Such behavioural
inertia has since been termed the Bogert effect (Huey et al.
2003; see also Bartholomew 1958; Bradshaw 1972 for
related discussions). In the context of phenotypic plasticity,
it is clear that behaviour might likewise act to minimize the
extent of environmental variability experienced by an
organism, thus reducing or perhaps eliminating the response
shown by other aspects of the phenotype. For example, in
response to a warmer temperature, an organism could
simply seek out a cooler microclimate, rather than alter its
physiology to perform better under the changed circum-
stances.
Moreover, at least in those taxa where life stages differ
substantially in behaviour, the Bogert effect might lead to
considerable dissimilarity among stages (or age classes) in the
extent to which adaptive phenotypic plasticity or beneficial
acclimation is significant (Huey 1991). In Drosophila, for
example, adults are highly mobile and larvae much less so
(Feder et al. 2000). Moreover, female oviposition site selec-
tion largely determines the larval thermal environment (Feder
et al. 1997). In consequence, it might be expected that adults
should show much less evidence of beneficial acclimation
than should larvae. Similar, stage-related differences can be
expected for a wide range of invertebrates in which stages
differ in their mobility (e.g. gall insects, leaf miners). However,
to date, few studies have thought to examine the implications
of the Bogert effect for the likelihood of beneficial
acclimation, and fewer still have used stage-related differences
in behaviour as a model system to do so.
In this study we do so, using an a priori, strong-inference
approach to examine the extent to which chill-coma
recovery time (Gibert et al. 2001) varies in a way inconsistent
either with the beneficial acclimation hypothesis, or its
alternatives (Huey & Berrigan 1996; Deere & Chown 2006),
in two life stages of a brachypterous kelp fly species. Adults
and larvae of Paractora dreuxi inhabit the same macroenvi-
ronment, but differ profoundly in the extent to which they
can behaviourally regulate their position within it (Crafford
1984; Klok & Chown 2001; Terblanche et al. 2007).
Therefore, we predict that, when denied opportunities for
behavioural regulation, mobile adults, which have a narrow
thermal preference, should show a performance advantage
in most thermal environments following acclimation to the
preferred temperature. By contrast, in the less mobile larvae,
that have a broader thermal preference, beneficial acclima-
tion should be more evident.
M A T E R I A L S A N D M E T H O D S
Study site and animal collection
Paractora dreuxi Séguy (Diptera, Helcomyzidae) is distributed
across several islands in the sub-Antarctic. On Marion
Island (46º54 S, 37º45 E), all stages inhabit pebbled
beaches where they remain in close association with bull-
kelp (Durvillaea antarctica) wrack, which forms the primary
resource for developing larvae (see Supporting Information
for additional information on this species). For this study,
larvae and adults were collected using soft tweezers or
aspirators, respectively, from Trypot Beach (see Klok &
Chown 2001), during the April 2006, 2007 and 2008 (late
austral summer ⁄ early autumn) four-week, resupply periods
on the island. Individuals were kept in 500 mL plastic jars,
on small pieces of kelp, at low density, and returned to the
island laboratory within 2 h. The Trypot Beach site is less
than 2 km from the laboratory and main weather station at
the island, where temperatures just below the soil surface
have been logged since June 2002 (Deere et al. 2006).
Nonetheless, for the duration of one sampling period, an
eight channel SQ800 Squirrel (Grant Instruments, UK) data
logger was placed on Trypot Beach to record microclimate
temperatures at a range of substrate depths. The data logger
was set to record average temperature for 5-min intervals
using temperature readings obtained by 30 s sampling. Type
T 36-gauge thermocouples were connected to the data
logger and thermocouple tips were attached to a pole every
10 cm. The pole with thermocouples attached was buried to
40 cm below the beach surface. Remaining channels were
placed on top of and under round pebbles (roughly
15–20 cm diameter) at surface level to obtain an estimate
of surface temperature.
Acclimation treatments
At the laboratory, individuals were haphazardly sorted into
500 mL plastic jars at low density (adults: n = 25 ⁄ jar; larvae
n = 50 ⁄ jar, adults and larvae in separate jars with more than
five jars available for each treatment combination) together
with moistened, fresh kelp. The containers were then
randomly assigned to one of four acclimation temperatures
(0, 5, 10, 15 C; 12 : 12 L : D) maintained by temperature-
controlled cabinets (LabCon, Maraisburg, South Africa),
monitored hourly with thermochron iButtons (Model
DS1921: mean ± SD; 0 C: )0.1 ± 0.6; 5 C: 4.7 ± 0.5;
10 C: 9.3 ± 0.3; 15 C: 14.8 ± 0.3). The above tempera-
tures represent the full range of conditions likely to be
encountered by the insects at sea level on Marion Island
(Klok & Chown 2001; Deere et al. 2006; Fig. 1). Previous
work, on arthropods from both Marion Island and
elsewhere, has indicated that a seven-day acclimation period
is sufficient for the full change in the phenotype to be
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realized (Hoffmann & Watson 1993; Terblanche et al. 2006,
2007), and therefore flies and larvae were held at the
acclimation temperatures for this period. During this time,
on a daily basis, the substrate was re-moistened with fresh
water and where necessary, additional kelp was added as a
food source. The containers were randomized between
shelves to avoid shelf effects. To ensure that acclimation did
not proceed for a period longer than seven days, acclimation
groups were staggered over consecutive days in a random
order and all experiments were completed within the
four-week periods.
Treatment temperatures
Previously it has been shown that exposure to a series of
acclimation temperatures and examination of a given trait
following such exposure cannot necessarily adequately
distinguish between the beneficial acclimation hypothesis
(BAH) and colder is better, or between the BAH and
warmer is better (Deere et al. 2006). Rather, to determine
whether …acclimation to a particular environment gives an
organism a performance advantage in that environment... (Leroi
et al. 1994), an additional series of test temperatures is
required which includes temperatures both similar and
dissimilar to those of the acclimation temperature. Here
we included 2 h exposures to a range of treatment
temperatures to provide us with the means to distinguish
the beneficial acclimation hypothesis from others. In
some ways these exposures are similar to the temperature
transients discussed by Dillon et al. (2007), but nonethe-
less fulfil the criteria for distinguishing among the
acclimation hypotheses.
Thus, to estimate the extent to which acclimation enabled
individuals to improve their performance during a
subsequent thermal challenge, individuals from each of the
acclimation groups were subject to one of six treatment
temperatures in a fully crossed design (Fig. 2). These
treatments constituted acute, non-lethal exposure to high
(25, 20 and 10 C) or low (5, 0 and )2 C) temperatures for
2 h, chosen on the basis of previous information on the
critical thermal limits of both stages ()5 C and 35.5 C in
larvae and )2.7 C and 30.2 C in adults). The treatment
temperatures were chosen specifically to assess whether
acclimation to high (15 and 10 C) or low (5 and 0 C)























Figure 1 Microclimate data recorded at Trypot Beach in mid-April
2006 from on top of pebble substrate (0 cm) and 30 cm beneath
the beach surface. The arrow indicates the point at which the area
was covered with c. 30 cm of kelp following springtide. Additional




After the 2 h
treatment temperature,
the adults were exposed
to –5 ºC for 45 min
and the larvae were
exposed to –5 ºC for 30



















Figure 2 Schematic of the experimental
design showing the acclimations and sub-
sequent treatments used to assess pheno-
typic plasticity in adults and larvae of
Paractora dreuxi. The acclimation tempera-
tures are those at which adults and larvae
were held for 7 days. The treatment tem-
peratures are those to which adults and
larvae from each acclimation group were
exposed, for 2 h, after the acclimation
treatment. The box on the right provides
the temperature for chill coma induction and
the duration of exposure of adults and larvae
to that temperature, and the recovery tem-
perature at which time to recovery was
measured.
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temperatures has an effect on the chill coma recovery time
following exposure to a similar range of test temperatures.
However, survival after seven days was very low if
acclimation temperatures above 15 C were used, although
short-term exposures (24 h) to temperatures as high as
28 C had little effect on either stage (see also Klok &
Chown 2001 for short-term data). In consequence, the high
temperature treatments were higher than the high temper-
ature acclimation. Moreover, we were also interested in the
extent to which the term particular environment as used in the
definition of the beneficial acclimation hypothesis (Leroi
et al. 1994) means a narrowly defined test temperature or a
somewhat broader test temperature range. In consequence,
a range of test temperatures broader than that of the
acclimation temperatures was used.
Twenty individuals from each life stage were randomly
selected from more than one jar from a given acclimation
temperature and placed into 40 mL plastic vials (five
individuals per vial). After sorting (c. 10 min at a room
temperature of c. 15 C), the vials were placed in a plastic
bag inside a water bath set at one of the six treatment
temperatures (Grant Instruments, Cambridge, UK water
bath models LTC 12, LTD6, G150 ⁄ R4 and G150 ⁄ R5 were
used). Temperatures inside the vials were monitored by
placing a thermochron iButton (Model DS1921) inside a
fifth plastic vial. The latter confirmed that the selected
temperatures remained within 0.5 C of the target.
Chill coma recovery time determinations
Chill coma recovery time is now widely accepted as an
ecologically relevant measure of resistance to low temper-
ature (Gibert et al. 2001; Hoffmann et al. 2003), and is
defined as the time it takes for an individual to recover at a
higher temperature from chill coma to normal activity. In
this study, following their respective 2 h treatments, vials
were directly placed into a Grant LTD6 water bath set at
)5 C. After 30 and 45 min, respectively, the vials
containing larvae and those containing adults were removed
from the water bath and the individuals quickly tipped into
Petri dishes, which in turn were placed into a glass-fronted
LabCon temperature-controlled cabinet set at 20 C (total
handling time c. < 15 s). By inspection through the glass
door, the time elapsed from when a vial was removed from
the water bath to when an individual started to walk in a
coordinated manner was recorded as the chill coma recovery
time for that individual.
Thermal preferences
Thermal preference data for adults and larvae were gathered
by placing groups of 10–20 adults or larvae on a linear
thermal preference gradient (length 75 cm, temperature
range c. )1 to +16 C, 2–4 h settling time with no light),
and determining the temperature preference of each
individual (see Supporting Information for details) based
on temperatures of the gradient measured using Type T 36-
gauge thermocouples logged using an eight channel SQ800
Squirrel data logger. Because adults and larvae are sensitive
to disturbance we did not attempt to measure body
temperatures directly, but assumed that they were close to
the temperature of the gradient given the experimental
design and small size of the flies. Additional data on
locomotion speed for adults and larvae at 5 C was gathered
(see Supporting Information for details) to confirm the
greater mobility in adult flies. To further assess body
temperature variation in the field, larval and adult body
temperatures (Tb) were determined over two days at Trypot
Beach using an infrared thermometer (see Supporting
Information for details).
Statistical analyses
The most appropriate analytical approach for examining the
BAH and its alternatives is the ordered-factor ANOVA with
single-degree-of-freedom orthogonal polynomial contrasts
proposed by Huey et al. (1999). In this case, a strong
inference approach leads to specific predictions for the form
and sign of the linear and quadratic terms in an ordered-
factor ANOVA for each of the hypotheses (Table 1).
Recovery times were log10 transformed which resulted
in normal distributions (an assumption of the ordered
Table 1 The predicted significance and sign of the linear and
quadratic effects of acclimation and treatment temperature and
their interactions on chill coma recovery time for each of the major
acclimation hypotheses (adapted from Deere & Chown 2006)
Hypotheses Acclimation Treatment Interaction
Colder is Better (CIB) L+ L+ ns







No plasticity n.s. n.s. n.s.
Support for the colder is better hypothesis will take the form of
positive linear terms for acclimation temperature and treatment
temperature, but no significant interaction. The converse indicates
support for the hotter is better hypothesis, whilst support for the
beneficial acclimation hypothesis will take the form of a significant,
linear interaction term between acclimation and treatment tem-
peratures. A positive quadratic contrast for the interaction between
the acclimation and treatment can be expected for Deleterious
Acclimation, because recovery times at the extremes would be
slow. No significant linear or quadratic terms for the responses or
the interactions is predicted if plasticity is absent.
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factor ANOVA). Data for adults and larvae were analyzed
separately using SAS version 9.1 (Littell et al. 2002).
Orthogonal polynomials for the unequally spaced treat-
ments were compiled from Robson (1959). Where more
than one prediction was supported, the F-values (following
Huey et al. 1999; Stillwell & Fox 2005) were used to assess
which hypothesis had the strongest support. This approach
was complemented with an estimate of effect size,
calculated, for each stage, as the mean deviation (%) of
recovery times of the low ()2, 0 5 C) and high (10, 20,
25 C) test temperature groups for each acclimation
treatment (i.e. 0, 5, 10 and 15 C), from the grand mean
recovery time for each stage.
To assess the extent to which adults and larvae differ
in the range of temperatures preferred, a two-sample
Kolmogorov-Smirnov test was applied. Locomotion
speed was compared using one-way analysis of
variance, and field body temperatures among stages
and days were compared using two-way analysis of
variance.
R E S U L T S
Larval and adult flies differed considerably in the way in
which acclimation affected the response of chill coma
recovery time to different temperature treatments (Fig. 3).
In the larvae, recovery was faster following exposure to
treatment temperatures that were the same as or similar to
the acclimation temperature, than where acclimation and
treatment temperatures were dissimilar, suggesting that
acclimation to a certain temperature enhanced performance
at that temperature (Fig. 3a). The significant tempera-
ture*treatment temperature interaction term in the or-
dered-factor ANOVA bears out this finding (Table 2).
However, the linear term was also significant and positive,
suggesting some support for the colder is better hypoth-
esis. Nonetheless, consideration of the F-values demon-
strated the strongest support for the interaction. In addition,
the sign and size of the mean effect sizes for the low ()2, 0
5 C) and high (10, 20, 25 C) test temperature groups
changed substantially among the high and low temperature
acclimations, providing additional support for the BAH
(Table 3).
By contrast, in the adults, it was clear that acclimation
to low temperatures generally resulted in the fastest
recovery times irrespective of treatment, with the excep-
tion of the 20 and 25 C treatments, for which recovery
time showed little evidence of consistent variation among
acclimation temperatures (Fig. 3b). Although the interac-
tion term in the ordered-factor ANOVA was significant
(Table 2), inspection of the F-values suggested that it was
much less important than the significant, positive, linear
effect of acclimation. It appears that the significant
interaction term was almost entirely a consequence of the
unvarying response of recovery time to the highest
treatment temperatures. The change in the sign and mean
size of the recovery time differences (Table 3) bears out
this finding. At the low (0, 5 C) acclimation tempera-
tures, both the high and low test temperature groups had
negative deviations from the overall mean, whereas at the
high (10, 15 C) acclimations, the opposite was found,
though the effect sizes were variable among test
temperature groups in both cases.
The more mobile adults (adult locomotion speed at
5 C = 2.02 ± 0.07 cm s)1, larvae 0.06 ± 0.06 cm s)1,
F(1,18) = 402.5, P < 0.0001) typically preferred a narrower
range of temperatures than did larvae, as was clear from the
significant differences among the overall distribution of
individuals along the temperature gradient (Fig. 4, K-S test
P < 0.001, see also Supporting Information). In the field,
larval body temperatures tended to be more variable than
those of the adults (day, stage and their interaction term
were all significant in the two-way ANOVA), although only
relatively cool days could be investigated (see Supporting
Information for full results).
D I S C U S S I O N
Using protocols that have previously been applied largely
to analyses of developmental plasticity (Wilson & Franklin
2002; Stillwell & Fox 2005), we have shown substantial
differences among life stages in the extent to which
acclimation is beneficial. In larvae of Paractora dreuxi
acclimation to low temperature typically improved
performance following exposure to low temperatures,
but not high temperatures, and vice versa. That is,
acclimation is beneficial (Leroi et al. 1994; Huey &
Berrigan 1996). Although some indication of better
performance following exposure to a low temperature
was found in the form of the positive, linear effect of
acclimation temperature (i.e. evidence for the colder is
better hypothesis), the effect was much weaker than that
of the interaction between treatment and acclimation
temperature. By contrast, in the adults, acclimation to low
temperatures typically resulted in the shortest chill coma
recovery time and therefore the best performance
following most treatment temperatures. However, firm
support for the colder is better hypothesis has to be
tempered by the absence of an acclimation effect on
exposures to 20 and 25 C. Nonetheless, it is clear that
the stages differ substantially in the extent to which
acclimation can be considered beneficial, and in a
direction in keeping with the predictions of the Bogert
effect (Huey et al. 2003). That is, highly mobile adults,
which typically prefer low temperatures, perform best
following exposure to a low temperature, whilst the less
Letter Beneficial acclimation and the Bogert effect 1031
 2008 Blackwell Publishing Ltd/CNRS. Centre for Invasion Biology
mobile larvae, which have a broader thermal preference,
and typically have to endure temperatures of the kelp
frond on which they feed (see also Crafford & Scholtz
1987; Klok & Chown 2001) have physiological strategies
which enable them to remain active irrespective of
previous exposures. Thus, just as behaviour is an
important mediator of adaptation, so too might it be an
important arbiter of adaptive phenotypic plasticity.
If behavioural responses are important in determining the
extent to which a given environmental cue might result in
adaptive plasticity, previous work should have documented
it. So far as we could ascertain, this has not been done,
probably for four main reasons. First, much of the original
physiological literature on acclimation is concerned with
longer-term responses to seasonal environmental change
(e.g. Prosser 1986). Although behavioural differences among
stages might have an influence on their response to the
seasonally changing environment, typically these environ-
mental changes are so profound that any stage overwinter-
ing is likely to be exposed to them. Moreover, often only a
single stage overwinters, making comparisons among stages
non-sensical or impossible (P. dreuxi has overlapping
generations and stages all year round – see Supporting
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Figure 3 Mean (± SE) chill coma recovery
times (minutes) in Paractora dreuxi larvae (a)
and adults (b) after a 7-day acclimation at 0,
5, 10 and 15 C with 2 h treatments ()2, 0,
5, 10, 20 and 25 C). The acclimation
temperatures are provided along the x-axis,
and recovery times at each of the test
temperatures (TT) indicated using a differ-
ent symbol. To assist with interpretation of
the figure, lower test temperature responses
are indicated with open symbols and higher
test temperature responses with closed
symbols.
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were examined, studies were often restricted to a single stage
or the experimental design and analysis was insufficient to
allow formal comparisons among stages. This does not
mean that ontogenetic differences in physiology have not
been explored (see Spicer & Gaston 1999; Hoffmann et al.
2003; Chown & Nicolson 2004), but rather that explicit tests
of differences in acclimation response are not commonly
undertaken. Third, in more recent, rigorous studies, multiple
life stages have typically been used in the context of
investigations of developmental plasticity (Wilson & Frank-
lin 2002), rather than in comparisons of acclimation affects
among stages. Alternatively the effects of developmental
plasticity and of acclimation in the adult stage have been
compared (Zeilstra & Fischer 2005; Terblanche & Chown
2006), or the effects of hardening in one stage on tolerance
in another have been assessed (Crill 1991; Krebs &
Loeschcke 1995; Hercus et al. 2000). Even in assessments
of the complex interactions among hardening and acclima-
tion, life stage is rarely considered (e.g. Rako & Hoffmann
2006). Finally, perhaps the utility of behavioural differences
among life stages for assessing the conditions under which
adaptive phenotypic plasticity might evolve has simply
escaped notice given the debates that have so far occupied
the field. Irrespective of the reason, it is clear that behaviour
forms one of the major links between an environmental cue
and the organismal response (Huey 1991; Huey et al. 2003),
Table 2 Outcomes of the ordered-factor ANOVA with orthogonal
polynomial contrasts for the effects of acclimation and treatment
temperature on log10 chill coma recovery times
DF SS MS F P Coefficient
Larvae
Acclimation 3 0.77 0.26 16.98 < 0.0001 0.21
Treatment 5 0.30 0.06 4.02 0.0014
Interaction (l) 15 5.48 0.37 24.11 < 0.0001
Interaction (q) 1 0.01 0.01 0.44 > 0.05
Adults
Acclimation 3 11.25 3.75 57.68 < 0.0001 1.335
Treatment 5 8.82 1.76 27.15 < 0.0001
Interaction (l) 15 7.13 0.48 7.31 < 0.0001
Interaction (q) 1 0.18 0.18 2.74 > 0.05
The main effects and the linear and quadratic interactions contrasts
are shown. The effect with the largest F-value is shown in bold.
Table 3 Mean effect sizes and their signs for the low ()2, 0, 5 C)
and high (10, 20, 25 C) test temperature groups for each
acclimation treatment (i.e. 0, 5, 10 and 15 C), calculated as mean
deviation from the grand mean recovery time of each acclimation









0 Low ()2, 0, 5) )33.1 )59.3
0 High (10, 20, 25) 26.3 )10.3
5 Low ()2, 0, 5) )23.2 )42.2
5 High (10, 20, 25) )1.7 )3.1
10 Low ()2, 0, 5) 41.9 33.3
10 High (10, 20, 25) )12.4 15.6
15 Low ()2, 0, 5) 28.0 47.8
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Figure 4 Frequency distributions of pre-
ferred body temperatures of larval and adult
Paractora dreuxi determined using a linear
thermal preference gradient. Note the
decline in numbers of adults, but not larvae,
that show a preference for temperatures on
the gradient above 6 C (see also Supporting
Information).
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and should therefore have a major influence on the extent to
which plasticity might be shown, and the form that the
plasticity takes.
Another important, though likewise unexplored link
between an environmental cue and the organismal response
is the sensing system. At least in the insects investigated to
date, it appears that small differences in temperature (as little
as 0.1 C) can be precisely sensed (Chown & Terblanche
2007). However, how this precision in sensing is translated
into a physiological response to the thermal environment,
and what the implications thereof are for assessing adaptive
phenotypic plasticity are less apparent (Chown & Terb-
lanche 2007). The responses of the P. dreuxi larvae to the
acclimation and temperature treatments make clear the
significance of this question. Following acclimation to 0 C
and to 5 C, the fastest chill coma recovery times were
found in the )2, 0 and 5 C treatments, with little variance
among them (Fig. 3a). Likewise, following acclimation to 10
and 15 C, the fastest recovery times were found for the 10,
20 and 25 C treatments. Thus, how broadly the term
particular environment in the definition of beneficial
acclimation – acclimation to a particular environment gives an
organism a performance advantage in that environment over another
organism that has not had the opportunity to acclimate to that
particular environment (Leroi et al. 1994; see also Wilson &
Franklin 2002) - is to be interpreted is not obvious. Clearly,
organisms are capable of discerning subtle changes in the
environment and responding physiologically to them over
fine temporal scales (Kelty & Lee 2001; Worland & Convey
2001). However, it is also apparent that the response need
not be anywhere near as fine-tuned (Sinclair et al. 2003;
Rako & Hoffmann 2006; Terblanche et al. 2006). Thus,
despite their ability to sense fine changes in the thermal
environment, organisms might respond to them much more
broadly (see also Good 1993). In consequence, for some
organisms, narrow restriction of the term particular environ-
ment might be appropriate, whilst in others the term might
refer to a broader range of temperatures or other conditions.
When either circumstance might apply is far from clear
because so few studies have sought to examine this question
explicitly.
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